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(54) Title: METHOD FOR MANUFACTURING OPTICAL WAVEGUIDE CHIP 

(54)S&Ma)«f*: >^(7)S!]a?ja 




(57) Abstract: A method for manufacturing an optical waveguide chip is provided. The optical waveguide chip is provided with an 
optical waveguide which does not generate peeling, cracks, etc. under severe use conditions and stably maintains excellent trans- 
mission characteristics for a long period of time, and a robust optical fiber guide part which matches with a shape and sizes of an 
optical fiber and does not generate cracks. The optical waveguide chip (1) includes a substrate (5), the optical waveguide (3) com- 



posed of a core part (7) and clad layers (6, 8), the optical fiber guide part (4) for positioning the optical fiber connected with the 
optical waveguide (3), and a cover member (glass board) (5). The optical waveguide (3) is made of a photosensitive polysiloxane 
composition. The optical fiber guide part (4) is made of the same photosensitive composition as that of the optical waveguide (3) or 
a photosensitive composition different from that of the optical waveguide (3). The optical waveguide (3) and the optical fiber guide 
1^ part (4) are formed in different processes. 
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^M^W- (A) 'f'(;itJ^^af{ii©7^^;^/^a^ttft:^#ofij^fi. so- 
ls 9 7 i5f*L<{4 6 0~9 5 "T? 5 o 

^ V :X y n — -C/ ^ /V- — ■T- 7V ^ ^ ^ 1/ y =2 — y y ^ /V 

— v^^^i/>-^~ y =1— /i^^y ji^/U'ai — -x/i^^ v:/^' y rt- 

zi^i^T^ ^/i^^— •r/i'^ W^i/ y 3 — /Pv'ai^^/k:^ — ■7^7^^ 
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:x.^\^:y/f ^) =i ^ /Ua^^y^ /l^Y ± T — b > }l° U rj =i —;Vau 

2 — t: K a df-^:^— 2 — ^ ^/^:7"q t;°;e->'^3i^/v-^ 2 ~ t: Kn 2 — 

2 — fcKn=3riX-3-p^ f-/Vy^^ ^^^7^ ^/l/, 3 - 7« b ^ix:?"n fj^^-^ 
10 7« 3 — ^ h v'-T'n 3 — h ^ v'-T'a fcr;^:/^^^ 

3-^b^-:/^n t:°;^>-^7^ ^/l^^ ^ 7^ /I^g^ ^6^^ if b § o 

15 m^mm(Dmt vxit. 2, 2' -ry^tf;^-^ y:7'^nrz h y/i., 2, 

2' -Tytf;=^- (2, 4 - v^7« ^/l^^-'^'l/n^ h y /l^), 2, 2' - T tf 

(A) ^y^fe#?fi^{*. L<f*2o~i 5 o°c-efe5. 

^JI^S^Aff (DSC) ^>^V^T^a$;rL^<, ^U. 
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Uh^m (B)] 

5 

So '4'-eti> ^^cj^tc 2{iii:e>^_ho:3i5=-i^>'l4^^fp^^-^tf'fk^j^(i. it? 

10 (1) ^^tf^t:: 2#iJ^_h(D3i^ W>'i4^|&fa£<l:-^tffb'^«^ 

Ti^ yw— ^s y ^i-zi-v' (^^) r^^yi^ 

20 yi/— ( t Kn ^ix;^ ^/V) V ]) n^^y^^J i;^ ^) T^y 

V— tr;^ :7 y — /VA(D^^ 1/ >-^^-y-'i' K ^ "t" o tr v ^ =3f -y- 
-< KC>#Jq|^l?*5S v>:^— /KDi^ T^yi^— b> tK ^ t^' :7 =c / 
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y u^i^T^ y /i/;^y , fe^vM^/K y ^/K^^r-^TiJ^ y /i/;e-y 

71^-3', 4' -:3i/K=3^^/-:yi^ n^^f-^:*/V-7}?:3E-->' 2- (3, 4 
-rcjjf ^ v'v'iJ^ n ^^iy/k- 5 , 5— ;^t°P-3, 4 — ^ v'iJ^ p 

20 ^^f->'— 7« i?^ — i^:^=3f^f-^^ tf:?^ (3, 4 — v^iX^ V/V^ 

^7V) Tv^-<— tf cr^/Vv-^ n^^-fe b\ 4 — If jitK^^ 

n^^f-:/^ t';;^ (3, 4 — ^7j^^ V— 6 - p« ^/VtXiJ^ a^ar-i//l^ 
7« ^/V)rv^^— 3 , 4 -a:7jfdf^ix- 6 ^/Vi^i^ n^=3riy/w- 3 
4' - ;?Jf =3r - 6 ' ^/I/i^iJ' n^df-f- >';^7/l' 4^^=35^ I/— 

25 ^tf;^(3, 4 -^^K^^v'iXiJ' n^^^rf-^-)^ v?3iVi?:i:7lf 
b\ :x.=^Uiy^^ V =^—/l^(0>^ (3, 4 - ^ /Jn" ^ ^ o ^ =3^ ->x /i^ p{ 
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^/V) j: — 5^ 1/ ;x tf ;^ (3, 4 -^^'drv^v^iJ^ D ^^f-:/;^7/l^7i^^ 

>>- V— b), mTjf ^-cxfb-T^ f 7^:/i/^^T/w=i— /u, ^ ^ b 3 , 4 

— m 7}< :3{^ i/ ^ 13 ^ iX/k :^=f-;V— 3\ 4' — :3i;f}fdri/v/^n^^ih>';^ 

5 /l^.-JXi?' t3--^dr-fe :/;;^-=3rf--r K> fc':^ :7 / — A i/ y v^v^/l^^z — •t^/v^ 
tf ^ :7 a: / —/I/ F i:f V — :7 3z y —/u s iJ'"" y v- v'/i^ 

10 — /PF v?^/ y 7^:3^—7^/1^. :i:*'fttr;5^7a.y — v^iT'y i/v^/v^- 
y y i/i^/i^^ — h y p« — yi^^T^n h y iJ^' y iXi^ 71^:3^ — 7^/1/, 

ij^' y ir y ^-^'^ ^(Z)flgM:^#{ffiT/^=iv-/^j- 1 a^/cfi 2 a g.^ ± r /i^ 

y i/y v^v'/i^^-'r/w-m ; mi^W:^m.~'^^n.(O^J ^ 3 ^y^J^ ;v:^7^y' ;v 

25 ^z-ftl-a-^K^^Mi: LTfl. 3, 7 - tf ;^ ( 3 - ^/k) - 

5 -;t=3rf-- / 3, 3' - (1, 3- u 
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v'-r/H:-';^ ^ 1/^)) tf:^- ( 3 >-) , i, 4 

— ^ C( 3 -cn^/k- 3-;^^-fei5^^7^7« h=¥>')p{ 'f'/ul^l^^:/, 1 , 

2 - If ;^ [( 3 -^^/k- 3 ^ h^-» rc^ 1 , 

3 — 1(3 —^^/i^- 3 ^ h^iy) ^9^/1/] :7°t2/^°^^ 

5 ^'f'U>^^ V ='-'/l^^^^ {3 —^i^'^jV- 3 -•^■^•^^ :=-;V au — ^ 

jv^ n^>-x~/Hf ^ ( 3 — oz^/i^— 3 — g^/i^) 

— 7^/^> h ij y 3 — /Hf ;^ ( 3 -^^/P- 3 

ai — ^/l^, 7=- h Wi/^ y 3 — 71^ tr;^ ( 3 — ^a^^/l'— 3 — 

ir ^ cn^v;^ 5^71^) — ^yv, h y v^i^ n 7^^;^ ^v'-r/l/v^T* ^ (3-^ 
10 ^/I^— 3 — -/l^P? ^/l^) ^ f U P« ^ n — 71^:7° a V ij 

( 3 — ^^/l/- 3 ^ — ^/p) ^w-^^;^^ 1^ 4 — tf;^ (3 

— rc^/l/- 3 ^ ^ drt/) 1, 6 - tf ;^ (3—^^ 

( 3 — ^^/V- 3 — J^e-^r-fe 9^/1/) Jt — 7^/^^ -^t ^ ^) ]) Y — 

15 71^7^ h^^;^ ( 3 -^^/^- 3 — ;^=3r^ ^ ^7k) :3u — ^;vmi)^^\~f 

(3) teo-fb-a-^i^ 

tulB (1). (2) S^^c^fb^fei: L-Cfi. vtt^FISfnS]^!)^]^*^ 

n^drir 4 — =-7Vrc7jf ap-^v^i?' nt ^d^i^- V, 3, 4 

-fti-a^i^ (B) Oga-a-Sf^s ^m-^ft: (a) l O 0«»|FPtc:^LT. iff1£ 
b<fi30~150 J: * L<tt50~130 KAtp-e^-Sc 
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L^&^mi^M (c)3 

-J- ;v ^ ^ }V ^ \—\iYvi^=iy%/-^^^-^^y;\^y:^=^)V^\':y^ 2, 
10 :^7/i'/'^i/ — 3 - ^ f :7 =c / 4 n n^:/^ :7 a. y 

V, 4, 4' - v?7< b ^iz-O-y^o. / 4, 4' -v'T5/-<^y:7 

;vo^ — 'T7^^ jv-J> =f- }V ^ ^ — jv ^ 1— ( 4 — ^ y fc:VP:7 

/I^) - 2 — t Kn =3^^-- 2 -y ^/^rT'a^-^^'- 1 2-t:Kndf-:cy 

=3ri^>'^;x, 2 — y^/w-1- [4- ^o^^/i^] —2-^ 

7i^7iN P y -•y'n^-^i/- 1 2, 4, 6 - h u y ^/v-^viZ-f/^v^^ 
^-/k:7;^-^:y^>-;^-d^f--f tf;^ - (2, 6— >^y h ^-:x-<^yV /^) 

20 -2,4,4-byy i^/\y^l^f-/]^y:ty^y ^ K^^^^tf Si^So 

mytmB.mm^(D^m^mii^m(D^mn^n. ^*b<f*o. i~io 
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^mn. m^ij. M^^iT-. ^^-fbii^ih^ij. iittti^ 

:^ ^^—^^<ow^\-i. 'mz.m'^-^^fii^-^ifi. mn. 5o~i, o o o 

15 ml?feS„ 

20 OA60>NOA65,NOA81(£>^Jl, NOR L AND|±^), OG 1 
14-4. OG146 (]2i._h, EPO-TE Kl±^). ;^ U — /j^^^/ K 3 1 6 
0 . ;^ U F 3 1 7 0 B (J^Ji. 7. y —its^ K%ha). AT 6 0 0 1 . 

GA700L. AT3925M. AT9575M (mJb. NTTT Y ^^1^ 
>^ ^jj^ y n v^^fci^). ELC2710.ELC2500clear (^l^iJ^ 
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5 -To 

10 tft^^^Si-t. TflSi^ ^ KJS 6 ^ . TUi^ ^ \'^m Q JKom 

< f*. iS — fee m^^Sr^i-^ 111:65 w d^b. 7^ t° = — f fe^^^ 
25 iirSo 



wo 2005/085922 PCT/JP2005/003410 

34 

4 5 0 nm(Dm^'-'MUmi^(Dyt. 0^ b< fi. Mft 3 6 5 nm<D^i^m 

^^t^^f)^m\^^hfh^„ 2 0 O ~ 4 5 0 nm-e(DRgS:^5 1 ~ 1 

0 0 0 mW/ c ^ 0. Ol — SOOOmJ/cm^.^^b 

< no . l — lOOOmJ/cm^ i:/^-5J:5f-> M^<^ ^ — ^^ X'^M 

fcfig'fbli^/a^b^^ ^T^P^ 9 KJl 6 Sr^^$-ia:;5 (m2m^(D (a))„ 
^nr-e. :^Stti^Ki: bXfi. zK^^b:^ h y a , /K^'fb:* y 

15 T 5: N— y ^/i/oc^^^ y — /kT ^ n, n— v't^ ^/i^^iJ^ y — /i^t ^ 
^•^K. =1 y ^> /I., t''>-^y>:^v, i, s --j^nf tf v^i^ n [5. 

4. 0] - 7 - l> >'y'^ir 1, 5 - v^T if if v'-J' a [4. 3. 0] -5 

20 - y-ri^mt^m^fhfi^^o 

— /i/^ ^^^J^y—zi/^ y — /u-^ ■T'o t° w ViJ^^' y /u^y y ^/wrn-— 

■7^/k^:7"n t:°l^:xi/y y rc^/l^ni — t^/I^^N — y y 

25 T5: Ymi)^m-fhfi^„ 

mm.m^(om.m'\^mm(o'M&n. m'B. o. 05-2 5 
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<ni. 0 — 10. oK4%t?fc;5o 

m^mm^it, mn. s o~6 o o#PH^-efcSo m^:^^^t\^xit. w^ix. 
7k(3: j; 3 0-9 o^pHiff /^of::m. mm^^-^f^mmmm^m^^^ 

:9-mfi^^«P^iJ<:o«S#{-J:oTt>^j^^ 5)0^ iiS. 3 0~2 0 0'C. B 
^b<(* 50 — 150 "c-e^j^o 

^X%Wkfii^ii^. Ji^> 3 0 — 4 0 0°C. 0^ b < 5 0 — 3 0 0 °C-t?Sb 

- 1 -e # 5 „ 
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(b))o 

5 (D^:d^hfJt^=^T^7^mm^'^^ (m2m^(D (d))„ 

f^^^?^fflV^T. mK.i-£3 0 ~4 0 0°CO?M.^-t? 5 — 60 O^^PpStK;^ h 

^ 2/ Kg 8 Sr^f^^^itS (m2|lI>^iO (e)). 
20 8 ^#;5 r i: ;5„ 

-Ywm.'^^m) ^M^L. ^M^-^s CT7°y -<-^ LT. ^fc 

^v^T\ 3t:7T-f ^■^>l:5ff-i' KfP?f^^ffi(^^JlIo±ffijc>f^|- t-T. Bf^'Z)^ 
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(f))o ^v^-e. /^^ :y ^^^^);{J^S•^^^^V^TM^^^S.^ 

10 2o(D^?f^1^(D^tc3ti:7T-Y^-^ 1 ,3 {m2m^<7y (h) ^ 

r. j;oT. yt-y 3 (Dyt^t=^r^7 (D^tm (H! 3 

15 T(i3fc:7T-r^-< 1 3 h-VM^m'i^m'^'t^ ^ t ;6S-tr# 5o 

25 ^ 5o 
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^^-rs (m2m^(D (g))o ^^^ii§^>y:7^i yt^ ^<m:ff-c 

5 ^^:}b\ ^^^SSf^-^^::^! (^f^^f-I^Ls ^^<^)?i^^<^lilSj^ «s Ji^zSoHII 
10 C^MM] 

(1) ^ 5^ Kisfflm^i^<Di^^ 

Cla^i^No. 1] 

15 mwm:^nmmmi^<o'7 9:^=i\^. y^^/vh]} h^^^i^^i^ {2. 9 

7g). y a:u^;VV 3 ;^ Y^-^ly^ (29. Olg). 3, 3, 4, 4, 
5, 5, 6, 6, 7, 7, 8, 8, 9, 9, 10, 10, 1 0 —^-^ -^^ 
:b :7 /U:^^^' hy^h^ixiy7^.( 25. 64g)^ 1— T^f^fi/— 2 
-^x:l J (31. 0 0 g), *5 j:t;«i/^ (0. 0 4 g) ^^;!jti. 
20 ^#bfcftx ^?S(Z)?ail^6 Q>''Q.\^Mm\^fz.. i2^:v^-^^ ^^tK (11. 3 
5g) ^?^Tb. tiSTl^Tm. f^t^^ 1 2 0°Ci^T 6 B#^im#Ufc„ 
-C. :ft^6^i3:®?f^^^ 7 OKft%ic:iS^Ufc i b=^->'- 2 - ^^h^nV 

i/n ^f-v--^^?^ 1 ( |S?f^^^ t;?;^^^^^) (9 2. 8g) 

25 ^^^^^Iji! UTS P 1 7 2 (fem'fti&M) ( 0 . 0 6 g ) . ^^^1^ 

h LT 1 h 2 ~-rxi/^ J (35. 0 g ) ^g5;f)0 b> m—\zi 
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m-B-ir ^ :i t \c X 'O . rmj?K4^No. ij 

%iRb, S i -NMR / — ^^i'J^ UfCo Aflsi^J-fi> -1 

2 0 p p m 6 0 p p mJ^/5MtTmtb6SmSs ^^'^'^(T?^?'^ § 1t^<^ 

10 t>^. i JiOf^^StCi^feSfii'^ (%) ^^fflUfCo 



— ^ 1 : R - S i (OH) 3 a 3 

15 2:R-Si(OH)2(OSi) b 2 

t:°— 3:R-Si(OH)(OSi)2 c 1 

iJ^ 4:R-Si(OSi)3 d 0 



20 = (3a + 2b + c) XlOO/ [4X (a+b + c + d)3 
Cm^^No. 2] 

7« ^iJ' y V— h (450g). 7«i5^^ynar 

25 — ( 6 0 0 g ). 2 , 2' -ry'tf^- (2. 

^ h y yi/) (3 5 g) ^iR^Lfcf^. ^F^^^msmufco ^(D^. m^p^ 
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mwmH^m^p^\^. y /^/^y i (iss. ssg). 

5 ;VY3 7^ Y ( 2 3 i . 3 6 g y V3 ^ V^^y-yy l 

9 3. 4 8 g M^i^ (108. 48g). ^-'^•^^(O. 30g) $ri|X 

TSP172 (0. 2g) fci^g-a^-r-s ^1 i J: i9 . ra^^ 

15 N o . 2 J ^#fCo 

(2) =iTjf^)^mm)^'->i^(DmM 
cm^%No. 3] 

79g), 3, 3, 4, 4, 5, 5, 6, 6, 7, 7, 8, 8, 9, 9, 1 
20 0, 1 0, 1 0 y /\^:tx2'fzyj]^ h }) ^ V (2 2. 

6 4 g T hy ^ V^i^iyy ^(4. 62g), 1-yf ^iy- 2 - ^n 
^^J—)V (2 9. 9 3 g), ^DiO^V^i^^ (0. 0 4 g) ^^n. m#b 

fc^s mw.(omL^-^ ^ o'Ci^iniaibfc. i5kv^-^. ^@;!k ( i i . 9 a g ) 

SrMTb. ?iT^Tf^> ?^^i^^l 2 0°C}3:T6B#PBim#b7to -^-bT. * 
25 H-etJf-^ @?F^^Sr 6 5«»%l^M^bf:: 1 f=arv^- 2 -:/nyNV— 71^ 
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v'n:3rf-^/:^y ^f-^^m^ 3 mM^j^Ru^mmm) 9 2. e g t^^b. 

^mm^MtVXl- (4, 7 - v^- t f =3r-» -^^^yVT^h^l: 
Kn ^;:a-:7cc^'>i^ h U 7« :/;^/i^7}n^>— h) o. 32g. 

mmt LTl-^ h=3rv'-2 -:ra/^V — /l^ 3 9. 5 g %^;!JD i^ — iz 

ria^il^No. 3 J ff'c^^/^ y — /i/'^itt. iazg® ^m^'-^^o. ij 

Cia^tlNo. 4] 

it#ilit©#l§i^t;i. :7:e^/i- h y 7« (76. 9 s). 

10 /l^ h y h ^v-v-^ ^(101. 7 g ). M^Tk (45. 9g), 

(0. ig) ^iRSbfcft. 6o°c, 6 0trHi(Z)^{4^-eJpi|im^-r^ :i ^ 
^ bT. ft,^i^t^@?f^^^ 5 5 m*%t-ps bfcTK y =3^i^>-^-^^-l- 

5 :/ n f V i:^- y = — /p^y y ^ 7V=x. — ^ jvmm-^'^fz.. ^fh\z%m^^ 
^JirbTl- (4, 7 -i^^- t b =^v^) -•^-:7^/P7^ h ^ t Kn^;^ 
:7 = T> }> y :7/^;^-n y h (o. 32g) b^ 

[2. %y T ^ ^^m^ ^ Y%i(DU.i^mm%w\ 

Cm^^No. 5] 

m.^mihn <Jr b T 2 , 2 ' - T If ;^ y :y^^ ^:=:^y/^(l. 3g),# 

25 a^^lJi bTfL^^^/l^ (5 3. 8g) ^«Pb. m'a^^M^lJ;aS:^^i?i-5 

*-eS#bfco ^^)cv^-e. y i5^y y /i^^ (e . 7 g). v^v^i^^ x:L^iy^ -;v:^ 
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^ y t> (15. 7g), (9. Og), n -y'^/kT ^ 3 \^ 

-Y (13. 5g) ^«Bbf::^. M^^^::«#^^^i6fc„ ^(Df^. 

10 M 8 1 0 o , m^S-a-^liM) 10. oSftgp. f y h 

y Ti^ y V- h 6 . 5K»$!S. ^9 :^ /^M^mi^M-V h ^ I r g a c u 
re 3 6 9 (^^"^ • ;^^v'^/1^7^^ • <>- 5 /l-X^hM) S: 3 . 0 KfttPs 
?L^^^/V^ 4 8.5 «»$|5^;!]P bT:^— ^^l^l^-rS i ^ l^: J: !9 . r|a^#) 
No. 5 J ^#fCo 
15 [3. ^^^fe^^>y:7"(D'm^] 
[^ffif^iJ 1 ] 

t-^-n^^-e^^ b^ 1 2 0°CT?1 0 ^FHl^^$-lJ:fcm.^ft 3 6 5 nm. 

MM 2 0 mwy c (Dm ^Bi^mytm (X— ;^ • <y ^ ^±m-^ 

20 ;^-^r^^*^ — ) Kxii^mmuvfc. 2 0 o°ci^T 1 B#ra*ni^ 

7 KjiiC*5}j- 1 5 5 0 n inC0 3ti<^iSff¥{i 1 • 4 3 9 "^'feo 

25 ^^■^;^^5^^MV^•r> ^:S: 3 6 5 nm. Ri^ 2 0 mW/ c m ^ C^^rJf 
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Kn^f-^K (TMAH) 7k^m-^^^^£^mm.m'^i^^^m\^xmm^^^ 

5 3T§P}«i:feft'5^;ft 1 5 5 0 ninC»3fc©®Jlf^«> 1. 4 4 5-t?abofCo 

=^ — ^xm^\^. 1 2 o°c-e 1 o:^m^m^^fcm. ^« 3 e 5 nm. 

S 2 0 mW/ c (D^i^H^ 1 0 ^^PmlRilt Ufc. ^ hK, 3 0 0°C}e:T 
10 -h§|5:^ ^ 5/ KS}C*5{t5l^:S: 1 5 5 0 n m<D^<D©$ff^{^ 1 . 4 3 9"^^ 

1 0 0°C-ei O^mn.m-^'^fc^. m-^S e 5 nm. mm 2 OmW/cm 

^ (Dm^m^ 2 s^mmHLfz. ^bi^. 1 5 ovi^xi^mMm-t^^it 

15 i^^y), yt^T-( y^m:^-f KgP (ff $ : 7 0 At m) bfco 

^ © ft . 1 2 5 M m ^ :7 T -1' ^-^^ * Tfc :7 7- /-^^ -f KtM^ ^^^^ o t 
UV^^^IJ (mp^p^fe : G A 7 0 0 NTT-ATi±^) ^ffl 

$ : 1 0 0 fixxx) ^H^U. jl:,mJt^t©3te^^^^5^:7^ :15m 
20 m) ^^^ifebf^o 
[^M#<J2] 

Li^tmm 1 ] 

25 ^m^mm(Dm.m^(D^^m\^^x. 7i^w^mm7!)^mY^^h^^^ji^oicyt 
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ft) 5 o 

immm 3 ] 
Lh^mm 2 ] 

ft) o 

(1) 

( a ) f^M0#<^>^®* "0 
^W;^ «9 (X/ 1 0 0) t LfCo 

(b) /^fiitT*i^^tf)©if 

i-^5fe4^s 3fc*W- (M^S^ : MT 9810 A, TV]J ^y^hi^) (Z)/n°!7 — 
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(c) if^mmmnm.^^(owxm^ 

- 4 0 "c-e 3 0 ^WnU^i^ 8 5 x:x- 3 0 ^Mcm-t^ — f "9-4^/1^^ 5 

5 <D:^mX-WAm^ CdB J 
(2) 

^^^^ 1 ^ ^ 2 tC^fo 

10 bfct<D (itmmi. 2) ct ?9 ^i^^»«i^^m<^^f A*i^;5S/h$ < ^ ^ 

3) fi. f|S^4■^^^t7:ev^m^ (^Ii#"!j2. 4) X ^ i,i'^m^(Dmm 

i-oH) m(D^mmf)^ 1 0 5 o%xh^m.mi^^m^^fzm^ (mmm 
1. 2) ^m^i^^mtc-^t^v^m^ immms^ 4) j:*?*), i^m 

1] 
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m ^ (D m m 



10 «r^tpr t ^mmtir^ytmm:^^^yi^<Dm7&:ffmo 

fee 

3. ttrtB^:^t47K U i/n drf-^|a^i^;ij,5, TIB^5^ (a) J§:t;« (b) : 

15 (a) TIB— (1) xm^fh^ija^^m^^^^ '^^h^¥o(Dm7ki^m!^ 

(RM p (R^) ,S i (X) 4-P-, (1) 
(b) ^^Ig^^iJ 

i-oH) m(D^^m:^^^i o%-x:h^mm'^xh?). m^(D$umm 
25 imxi'im2mi^mm(Dy6m^m^yy<Dmm:ijmo 
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